The Center for Applied Scientific Computing (CASC) and the LLNL Climate and Carbon Science Group of Energy and Environment (E&E) are working together to improve predictions of future climate by applying the best available computational methods and computer resources to this problem. Over the last decade, researchers at the Lawrence Livermore National Laboratory (LLNL) have developed a number of climate models that provide state-of-the-art simulations on a wide variety of massively parallel computers. We are now developing and applying a second generation of high-performance climate models. Through the addition of relevant physical processes, we are developing an earth systems modeling capability as well.
. Wall-clock time for the finite-volume dycore at 1 o x 1.25 o x 26L resolution on the SGI Origin as a function of the number of subdomains, using a one-dimensional decomposition. Ordinary MPI communication (MPI-1) is compared with one-sided MPI-2 communication (MPI-2) for both 4 and 9 OpenMP threads per process. MPI-2, which can take advantage of the multithreading in the communications primitives, can yield as much as a 20% overall reduction in computation time for 4 threads, and a 33% reduction for 9 threads. We have been awarded a large block of computer time on the LLNL Atlas machine to carry out a calculation that will perhaps be the first ever multi-decadal global coupled climate simulation using a weather-scale resolution atmospheric model coupled to an eddy-resolving ocean model. We will be making use of the Community Climate System Model (CCSM) with 0.25-deg atmosphere and 0.1-deg ocean. The ultra-high resolution will obviate certain physics parameterizations and allow better representation of local scales.
Climate Effects of Land-Use Change
Will growing a forest warm or cool the planet? Early studies indicated that a change from actual vegetation (e.g., farms) back to natural vegetation (e.g., forests) would warm the planet, largely because of albedo effects. In general, the direct climate effects of land-use change (through changes in albedo, surface wetness, surface roughness, etc.) can be of comparable magnitude to the carbon storage effects of land-use change. Thus, there is a need to be able to estimate the net climate and carbon consequences of a potential (or actual) land use change. With all of these effects included in LLNL's coupled carbon and climate model, E&E and CASC researchers have been simulating potential land use changes. We are finding that forestation in the tropics would indeed cool the planet due to the decreased level of carbon dioxide, whereas planting forests in the more temperate areas would warm the planet due to greater absorption of sunlight. Information gained from these studies will allow more efficient climate and carbon management, help to avoid perverse incentives for climatically counterproductive carbon storage projects, and may suggest new climate and carbon management approaches.
High Resolution Simulations of Global Climate
Important barriers to more realistic climate simulations have been the relatively coarse resolution used in global climate models, and simplified treatments of subgrid scale processes. Due to the extreme computational demands of global climate simulations, global climate models typically use resolutions of 150-300 km. Researchers in E&E and CASC have recently run global climate models at resolutions as fine as ~25 km (see Fig.  3 ). These are among the highest-resolution global climate simulations ever performed and are made possible by LLNL's and DOE's extraordinary computing resources. As expected, these calculations produce more realistic simulations of many relevant quantities. Of particular interest is that the results using fine resolution can be more realistic even on scales that are already resolved by the coarser-resolution models. In addition to simulations of the present climate, we have performed high-resolution simulations of the effects of increased greenhouse gases (global warming). Results of these simulations are being used by a number of research groups in their investigations of regional climate, regional climate change, and the societal impacts of climate change. In order to address limitations of conventional treatments of subgrid scale processes in climate models, particularly vis-à-vis clouds, we are working with a group at the Colorado State University that has developed an exciting and novel approach to representing these processes. 
Integrated Climate and Carbon (INCCA)
Today's three-dimensional climate models predict future climate by specifying future atmospheric concentrations of greenhouse gases and then calculating their radiative and climatic effects. A better approach is to specify greenhouse gas emissions-the quantity that energy policies control-and then calculate future concentrations and future climate. This approach requires incorporating detailed treatments of the carbon cycle and other biogeochemical cycles into climate models. Researchers in CASC and E&E have developed a comprehensive climate/carbon cycle model, which is the first of its type in the United States. This model is being used to evaluate the climatic impact of proposed scenarios for greenhouse gas emissions and sequestration. Recent studies include the effects of limited CO2 fertilization on global climate change (see Fig. 4 ), and the effects of climate sensitivity on carbon cycle feedback. Additionally, the land/biosphere model used in this study (IBIS) has been coupled to the Community Climate System Model Version 3 (CCSM3) as a step toward creating a next-generation integrated climate and carbon cycle model. 
Regional Climate Change, with a focus on California
In an effort to study the detection and attribution of regional climate change, researchers in E&E and CASC are performing high-resolution simulations of global climate and using those results to drive even higher-resolution regional scale models (see Fig. 5 ). We are focusing on California and surrounding areas. The global (CCSM3) and regional (WRF) models have been converted to LLNL Linux systems. We are attempting to answer the questions, (1) does climate analysis at regional scale afford new insights to climate change detection and impacts, and (2) do uncertainties in forcing matter in our ability to detect regional climate change. In order to evaluate the effects of human activity, simulations both with and without anthropogenic forcing are being carried out. We hope to impact climate policy vis-à-vis California. 
